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SUMMARY 


The  Radiation  Monitoring  Equipment  (RME)  was  flown  on  STS-11  Space  Shuttle 
Mission  for  the  purpose  of  testing  a  concept  for  in-cabin,  real-time  crew  aosi- 
metry,  and  for  the  purpose  of  obtaining  time  resolved  gamma-ray  background  data 
and  neutron/proton  background  data.  The  RME  consists  of  two  instruments,  EG&G 
HRM-III  gamma-ray  counter  and  EG&G  Pocket  REM  Meter  (PRM)  neutron/proton  dosi¬ 
meter.  The  HRM-III  was  operated  by  the  astronaut  crew  four  times  during  the 
mission,  with  each  operation  lasting  52.5  minutes.  The  PRM  was  operated  twice 
during  the  mission  with  each  operation  lasting  a  minimum  of  15  hours. 

The  results  from  the  HRM-III  operations  were  plotted  as  a  function  of  time  and 
as  a  function  of  ground  position.  The  data  show  large  increases  in  count  rate 
during  the  periods  when  the  Orbiter  was  in  the  East  Asian  Anomaly.  These  data 

are  consistent  with  data  obtained  from  other  missions. 

'  .  w ...  ..  '  ) 

The  PRM  results  are  displayed  in  tabular  form.  The  average  dose  rate  from  these 
operations  is  .359mrem/hr  ((2.84)  x  lO-^rad/hr).  The  total  mission 
neutron/proton  dosage  predicted  by  these  readings  is  approximately  60.30mrem 
(4.77mrads). 
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SECTION  I 


INTRODUCTION 

This  report  presents  the  results  of  the  Radiation  Monitoring  Equipment  (RME) 
experiment  flown  on  STS-11.  The  objectives  of  the  RME  experiment  are  two-fold. 
The  first  objective  was  to  exercise  our  ability  to  fly  small  quick  reaction 
payloads  on  the  Space  Shuttle.  The  RME  tested  the  feasibility  of  using  state- 
of-the-art  dosimetry  equipment  that  was  not  originally  designed  for  orbital 
application  for  in-cabin,  real-time  crew  dosimetry.  The  second  objective  of  the 
experiment  is  to  obtain  time  resolved  gamma-ray  background  data  and 
neutron/proton  background  data. 

The  first  objective  was  partially  met  during  the  flights  of  STS-6  and  STS-8  (ref 
1,  ref  2).  The  RME  was  flown  for  the  first  time  on  STS-6  and  a  limited  amount 
of  data  were  taken.  The  quality  of  the  data  was  sufficient  to  convince  us  that 
the  instruments  will  work  in  space,  and,  more  importantly,  that  the  crew  can 
operate  them  and  obtain  meaningful  data.  Longer  operations  were  required  to 
fully  meet  the  first  objective  since  the  instruments  were  not  utilized  to  their 
fullest  extent  during  the  STS-6  mission.  STS-8  provided  the  first  opportunity 
for  long  periods  of  operation. 

The  second  objective  was  also  achieved,  in  part,  during  the  STS-6  and  STS-8 
missions.  The  neutron/proton  dosimeter,  EG&G's  Pocket  REM  Meter  (PRM),  was 
operated  for  sufficiently  long  periods  of  time  and  gathered  meaningful 
background  data.  During  STS-6,  the  gamma-ray  counter,  EG&G's  HRM  III,  was 
operated  for  only  10  seconds  each  time  it  was  activated  and  did  not  yield  enough 
background  data  to  meet  the  second  objective.  During  STS-8,  the  HRM-III  was 
operated  seven  times  for  52.5  minutes  per  operation.  This  yielded  significant 
results. 

STS-11  provided  another  opportunity  to  further  both  objectives  of  the  RME 
experiment.  The  HRM  III  was  operated  four  times  with  each  operation  lasting 
52.5  mutes.  The  PRM  was  operated  twice  with  each  operation  lasting  a  minimum 
of  15  hours. 


SECTION  II 


EQUIPMENT 


HRM-III. 

The  HRM-III  (Figure  la)  (ref  2)  is  a  hand-held  gamma-ray  counter.  It  weighs 
approximately  one  kilogram  (2.2  pounds)  and  is  about  the  size  of  a  small 
cassette  recorder.  The  circuitry  is  all  solid  state  and  microprocessor 
controlled.  The  detector  is  a  mercuric  iodide  (Hgl2 )  crystal  with  a  detection 
threshold  of  lOOkeV. 

The  HRM-III  has  105  internal  memories  that  can  store  counting  data  for 
playback  at  a  later  time.  These  memories  are  filled  with  the  average  counts 
obtained  during  a  user  determined  time  interval.  The  interval  can  vary  from  1/3 
of  a  second  to  33  seconds.  Playback  of  the  stored  data  is  accomplished  through 
a  liquid  crystal  display  (LCD)  on  the  HRM-III.  This  record-playback  feature 
allows  for  a  time-history  of  the  gamma-ray  counts  without  having  a  user  con¬ 
tinually  monitoring  the  instrument.  (For  a  more  complete  description  of  the 
HRM-III,  see  references  1  and  2). 

PRM. 


The  PRM  (Figure  lb)  (ref  3)  is  a  hand-held  neutron/proton  dosimeter.  It 
weighs  approximately  one  kilogram  (2.2  pounds)  and  is  somewhat  larger  than  the 
HRM-III.  The  PRM  has  microprocessor  controlled  solid  state  circuitry.  It  uses 
three  ionization  tubes  as  detectors.  These  tubes  are  surrounded  by  a  tissue 
equivalent  plastic.  The  associated  electronics  then  produces  data  in  the  form 
of  counts,  done  (rad)  and  dose  equivalent  (rem)  in  real  time. 

Data  are  obtained  via  an  LCD.  The  PRM  will  read  out  either  hours  (elapsed 
time  since  turn-on),  counts,  rads  or  rems  just  by  changing  the  position  of  a 
rotary  switch.  The  LCD  displays  the  current  value  of  the  function  (hours, 
counts,  RADs,  REMs)  chosen  and  the  LCD  readout  is  updated  as  the  value  changes. 
Thus,  the  PRM  is  a  real  time  dosimct?1'  (For  a  more  complete  description,  see 
references  1  and  3). 


SECTION  III 


RESULTS 


HRM-III. 

The  HRM-III  was  operated  four  times  during  the  mission.  Each  operation 
lasted  for  52.5  minutes.  The  HRM-III  was  setup  to  fill  one  memory  every  30 
seconds.  In  this  configuration,  the  HRM-III  took  data  over  approximately  58%  of 
a  165  nautical  mile  (nm)  (305.6  km)  orbit. 

The  data  obtained  from  the  four  runs  have  been  plotted  two  different  ways. 
The  first  set  of  plots  (Figures  2,  4,  6,  and  8)  shows  average  counts  per  second 
plotted  against  time  elapsed  since  instruments  turn  on.  The  second  set  of  plots 
(Figures  3,  5,  7,  and  9)  shows  the  average  counts  per  second  super-imposed  on  a 
map  of  the  world  with  respect  to  the  Orbiter's  ground  track  (i.e.,  subpoint). 

The  data  plotted  in  Figures  2  through  9  show  the  background  counts/second 
for  gamma-rays.  The  data  can  clearly  be  divided  into  two  categories:  one  for 
count  rate  in  the  Southeast  Asian  Anomaly;  and  the  other  for  count  rates  outside 
of  the  Southeast  Asian  Anomaly.  For  data  taken  outside  the  Southeast  Asian 
Anomaly,  the  background  average  count  rate  is  30  counts/second.  For  data  taken 
in  the  Anomaly  the  average  count  rate  goes  as  high  as  64  counts/second. 

There  is  unfortunately,  no  easy  way  to  convert  these  HRM-III  counts  into  a 
"pure"  gamma-ray  dose.  We  are,  however,  currently  exploring  the  possibility  of 
modifying  the  PRM  to  include  gamma-ray  dosage  with  neutron/proton  dosage. 

No  calibration  is  required  for  the  HRM-III  since  it  uses  solid  state  com¬ 
ponents  and  detector.  The  HRM-III  that  was  flown  had  been  checked  by  EG&G  ten 
months  prior  to  STS-11. 

In  general,  the  data  exhibit  no  technical  surprises  and  appear  consistent 
with  previous  measurements  and  expectations.  Future  flights  will  provide  data 
from  different  altitudes  and  orbital  inclinations  thereby  adding  to  the  data 
base  of  background  data. 

PRM. 


The  PRM  was  operated  twice  during  the  STS-11  mission.  The  first  operation 
occurred  at  MET  1/07:32:30  and  lasted  15.00  hours.  The  second  operation  took 
place  at  MET  5/03:45:18  and  lasted  for  15.37  hours.  The  PRM  had  no  anomalous 
behavior  during  either  operation. 

PRM  data  is  presented  in  Table  1.  The  count  rate  is  approximately  the  same 
for  both  operations.  Table  2  shows  the  average  dose  rate  for  each  operation  and 
the  average  dose  rate  for  both  operations  combined.  For  a  seven  day  mission 
(more  exactly,  7  days,  1  hour,  39  minutes),  this  would  predict  a  dosage  from 
neutrons  and  protons  to  be  60.3m  REM  or  4.77m  RAD. 

PRM  calibration  (ref  1)  was  performed  by  EG&G  in  May  of  1983.  The  PRM  was 
found  to  be  accurate  to  within  3%  during  this  calibration. 
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HRM-III  GROUNDTRACK 
OPERATION  #1 
FIGURE  2 


HRM-III 

COUNTS  VS  TIME 
OPERATION  #2 
FIGURE  5 
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OPERATIOI 
FIGURE  8 


HRM-III 

COUNTS  VS  TIME 
OPERATION  #4 
FIGURE  9 
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TABLE  l 


PRM  DATA  FROM  STS-11 

RAW  DATA 


“RET — 

1/07:32:30 

— 5/03:'437re 

Counts 

1367 

1493 

Average 

Count 

Rate 

91.13/hr 

97.14/hr 

Stdr 

Dev 

+  9.55/hr 

+  9.86/hr 

rem 

5.24  mrem 

5.67  mrem 

rad 

.411  mrad 

.451  mrad 

Hours 

15.00  hrs 

15.37  hrs 
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Dose  Rate 
(mrem/hr) 


.35 


Dose  Rate 
(mrad/hr) 


.027 


Average  dose  rate  for  both  operations: 
(mrem/hr)  .36  +.  .008 

(mrad/hr)  .028  +  .003 


SECTION  IV 


CONCLUSIONS 

The  data  collected  from  the  RME  are  consistent  with  data  taken  on  previous 
missions.  There  were  no  surprises  in  the  data  and  any  variations  in  the 
data  correspond  to  natural  external  sources  of  radiation  (e.g.,  the 
Southeast  Asian  Anomaly). 

The  procedures  used  for  the  RME  on  STS-11  allowed  the  crew  to  employ  the 
full  capability  of  both  instruments.  Thus,  the  objective  of  testing  the 
feasibility  of  using  non-space  specific  hardware  in  space  in  a  quick  reac¬ 
tion  mode  was  adequately  demonstrated.  An  important  point  to  note  here  is 
that  the  instruments  were  easily  operated  and  read  by  the  crew  and  meaning¬ 
ful  data  were  obtained.  These  instruments  are  also  easily  serviced  by  the 
crew.  The  second  objective  of  obtaining  radiation  background  data  was  also 
satisfied  by  this  mission. 

Future  flights  of  the  RME  will  contribute  to  the  data  base  on  background 
radiation.  Different  mission  profiles  will  yield  data  from  different  alti¬ 
tudes  and  orbital  inclination.  Such  a  data  base  will  prove  useful  for 
planning  future  space  systems,  including  crew  health  and  safety  require¬ 
ments  as  may  exist  in  permanently  inhabited  stations  and  platforms. 


15 


REFERENCES 


1  Activation  &  Checkout 


Unstow  PRM 
If  second  oper 
us--.!  battery 
Set  Rotary  sw  -  H?.S 
ON  /OFF  s  w  -  Q.’i 

/Display  counts  c:  n  fr c-i  S '•  5 S  and  reel'd 
NET  on  FFJt  DATA  PAD  vh-.r  Disney  *  C.00 


*  If  displays  s'- 


L  i  ;  4\t  O  -  - 

*  r  i  “  1  ?c  ’?  p  *>  '* 

*  ~  n  ^  -  ji  •  •  ■*  -  ! 


^  r  T3  .  ■*  ~ 


r'  ■>  r*  3  -  ^  J  I  •  ■*  *:  •** 


Rep:  t  y.rc  to 
Rz  ■■.:■•  PRM  (!•:•:.  rs} 

2  Oat;  3s cor Jin. ; 

8- IS  hrs  after  st  p  1,  unstow  PRM 
Sot  rotary  s.-it:'  t.:  *  •;.r:pri ate  pi'-it 
and  record  disp’  : ,  c:.  tints  on  P.“M  DAT- 


Set  ON /OFF  sw  -  C".- 
StCW  rRN 

.  PR,".  I  VTA  PAN 


0.00 

MET  (/Oli 

3  Is 

3 

6 

—  ... 

_ VlaajI 

fi 

O. 

HRS 

1  S.m 

CNTS 

l  .3  Lit 

(±) 

3 

RAD 

i  i,±  i  e 

(_!.) 

_o 

¥ 

RLM 

(jJ 

jf. 

3 

LL-A1 


L 

/  O 


M3. 
0  5L 
O  3 


11-11 


STS-ll/r IN 


DATA  PAD  FOR 
PRM 

OPERATIONS 


'j*  * 


•v 


_r 


r 

i 

* 

:  ° 


1  • 

% 

Sipoi 

n  r- 

<»0 

O 

?W 

Si 

1 

XjM 

mu1 


0rl 


i  1  i  * 

*TrlT 


I  i 


*®cae'p*e>c'0*®*0'e*‘®»er%©cc.  c.  ©  e» 
S’)  |  I  I  |  I  I  f  f  (  I  t  I  I  I  —  • 

c  '-.  z  a  c 


r 

| 

C 

© 

c 

o 

& 

O 

© 

o 

C 

O 

o 

o  e 

©  © 

© 

r‘  ~: 

•  /■\  w- 

i 

1 

j " 

■**S- 

*< 

rv 

Q 

-* 

,-J  X 

_ 

F 

<F> 

r\ 

4- 

•5h 

r 

S' 

H* 

Vr 

i/> 

v  '"■  i 

__  » 

S 

1 

:  # 

i 

Jrs 

Va  !  i/\ 

i 

I 


V\  i^.  5Mr«x 
w:  uv  u%  Uf» 


>  i 


!  , 


i 


o-  ©  —  e*  “ '  ^ 


ai  O'  C  » 


I  I  >  »  J  I  f  I  I  I  (  I  .  1  1 

cjooooe^cjcr  o  o  ©  c  c  ©• 


t 


r- 

l  w 


<  r-  -  -  — 


<M>- 


I 

]*> 


i  I  j  :  .  i 

r  i  rv  I  /v\  i 


.  I 


I  i  l  i 


*vf.  — •  >-  ^  C->  ;  ■ 

<*\,f'y  !  fv>.  r*\  cv  0  i  c-\  |  1 


c*.  * 

a 

" 

*r 

w 

■J3 

^  e-  ®  •-  fSi 

»  V. 

<■  ^ 

C  O-  C,  -  *-  r. 

W  )  V  • 

z 

«r 

«r  •«-  «r  w->  wr  u-» 

:  i  i  i  i  i 

iri  •  • 

1 

•  W"> 

I 

-3  -  -  . 

t  l  >  >  >  1  ] 

-■•*i 

= 

~  ■  c 

c"i 

O 

C 

o 

©  ©  ©  ©  ©  ©  © 

C  C 

C*  © 

c  ©  c  :  ©  ©  j 

O 

1 

i  i  :  i  i  i 

| 

< 

)  )  '  :  '  i  t 

*  ^ ! 

•.< 

w> 

|  !  j  t  j 

1 

j 

i  •;  ;  *  t  | 1 

-C  W. : 

cv.  C" 

>  « 

— 

.  o  ,  O-,-  y~  ;  j  ^ 

'5-* 

£» ;  o 1  ^>c.  ,y-  —  3~i 

v/> 

v  ^ 

c! 

- 

•t 

n 

!  1  :  : 

.  >  1  i  1  i 

^n;^-sr  r<a 

:  i  ■  •  :  !  • 

*-  '.V 
o  -  : 

*  c . 

iT 

*  i 
c: 

I  V 

«.  '  r  . 

r 

r> 

«• 

r* 

<.  ►-  CD  ®  ©  — •  r+ 

**  r*  r*  t*  e*  #-i 

1  1  1  (  (  1 

ri  «» 

1 

-  «e 

1 

©  c-  -  J 

",  ",  '  i 

•  '  .  ►' 

\  ^  '  ' 

V 

;.'l 

■  c: 

i 

e 

C 

© 

S'  C  ©  ©  ©  ©  © 

© 

:  c 

i 

z_  •  t 

•• 

,  >a 

■H 

",  ,’mTT’ 

»  '^!a~ 

1 

! 

<na  rv 

; 

5>:  — 

j  M  •  !; 

— ’  o|  <5|C.  « .^!  I 

v“ 

«c  «.  1 

i  ri  * : 

j 

:  > 

r> 

Sr- 

i  II  !  i  1 

r^»  r“* 

1 

i 

r-S^lr,-'  -<  -‘'j 

i  1  h  :  l! 

i 


j  _  r-  ^  »  *<■»  *'  *■■*  «-  *•  C  —  f'- 


w'  » ■ 


|  |  |  {  »  1  »  I  I  —  -•  -  ,  -  ..  .  ~  ~  - 

I  1  1  I  )  I  I  I  I  I  I  I  I  I  1  I  I  I  I 

.*  c  &  o  c  o  c  e  o  &  o  o  u  ’-  r>  c  c  o  i 


cra 

C.  Ll 
*  V1 41 


11-5 


DATA  PAD  FOR 
HRM-III 
OPERATION  2 

21 


STS-'.  ;/r ::. 


3 


3 


* 


*4 


N 

h 


N 


-d 


'M 

T 


-f 


C*1 

•VI 


y 

ki 


j^»^j^XC'0^-r-»-.^>r>^^tr,  —  C  —  '•-  ->■»  / 

^lcDt)Cit{j99^^r7,9,C'Ci'  C  C  C-  (-■  O  O  C-  , 

r:  I  I  I  l  I  I  I  I  I  I  I  I  I  i  I  —  —  —  t 

"*’  OOOCOOOOOOOOOOOOOC-CC  C 


fc!  ts 

s  u, 


<■  £ 

i-  o 


;-  -> 

r:> 


(N 

v4 

V. 

.  V 

r 

X 

V* 

VJ 

s 

V-v  Vv 

1 

- 

kt' 

V 

C  • 

© 

' 

<£> 

V 

-• 

-' 

' 

C 

* 

c- 

o 

- 

c 

> 

i.o 

.. 

J 

O 

'* 

V). 

1 

*c 

**» 

o 

© 

© 

_ 

r^ 

•r 

•c 

u-> 

«n 

© 

e 

© 

c. 

a 

© 

© 

© 

© 

<- 

x 

'X 

X 

i 

r*v 

x 

•x 

T^. 

n 

r> 

C2 

t  > 

- 

; 

r. 

fJ 

r. 

-• 

C' 

O 

c 

© 

© 

© 

O 

i 

o 

■  ~ 

1 

VM  'A 

> 

4 

fo 

-* 

rv 

r> 

r> 

y\ 

fs* 

•f 

*/■> 

<o 

r*«- 

© 

cr* 

© 

.  o 

o 

© 

O 

O 

o 

O 

© 

© 

> .. 

11- 

I  |  I  j  !  i  i  j  '  !  ; 

'-*!  y>  I  ~<i  - !  1  <rJ  s°;  * 

uiia.Va:1^  ^  (o:  »»:  j: 


,  ^  ‘■O  kV  I O 


!  I 


I  i 


lo  ,  Vo 


«r  %>  </>  «.-  >i.  «  «; 

1(1,111 

©  tr.  z  r.  o  c 


“^1  V  -a  O  ^  .  * 

^1  ml^l  r'  r'-  3~ 


,  I 


C^j  >* 


1  <  t  I  I  I 

C  C  ©  C.  -  c*  c. 


j  »  I  I  i  !  i  i  I  I 

-'i  "N  -t  ”"n  "v  \  -s.  <x 


!  I 


►  s  c>  c 

*■•  »•  N  f» 


sr^-n/Fi'. 


DATA  PAD  FOR 
HRM-III 
OPERATION  3 


22 


COWM/KC 


V.  - 


DISTRIBUTION 


Space  Division/YOC  1 

Attn:  Maj  Willis 

PO  Box  92960 

Worldway  Postal  Center 

Los  Angeles,  CA  90009 

Space  Division/Oet  2  10 

Johnson  Space  Center 
Attn:  Maj  Spiker 
Code  ZR1 

Houston,  TX  77058 

Space  Division/Det  2  1 

Johnson  Space  Center 
Attn:  Lt  Col  Janson 
Code  ZR1 

Houston,  TX  77058 

HQ  NASA  1 

Attn:  Mr  Chet  Lee 
Code  MC 

Washington  DC  20546 

Johnson  Space  Center  1 

Attn:  Mr  R.  Rose 
Code  FA 

Houston,  TX  77058 

Johnson  Space  Center  1 

Attn:  Mr  Lunney 
Code  LA 

Houston,  TX  77058 

EG&G  Santa  Barbara  Operations  1 

Attn:  Dr  W.  Quam 
130  Robin  Hill  Rd 
Goleta,  CA  93017 

EG&G  Santa  Barbara  Operations  1 

Attn:  Dr  J.  Warren 
130  Robin  Hill  Rd 
Goleta,  CA  93017 
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EG&G  Las  Vegas  Area  Operations 
Attn:  Or  I.  W.  Gensberg 
PO  Box  1912 
Las  Vegas,  NV  89125 

EG&G  Santa  Barbara  Operations 
Attn:  Or  H.  Lamonds 
130  Robin  Hill  Rd 
Golleta,  CA  93017 

DOE  Nevada  Operations  Office 
Attn:  Mr  M.  Oocktor 
PO  Box  14100 
Las  Vegas,  NV  87114 

DOE  Nevada  Operations  Office 
Attn:  Mr  MacGruder 
PO  Box  14100 
Las  Vegas,  NV  87114 

Defense  Technical  Information  Center 
Cameron  Station 
Alexandria,  VA  22314 


AFTAC/CA  (ST INFO) 
AFTAC/TXO 


